Building Better Planet Populations for EXOSIMS

Sl v

Daniel Garrett and Dmitry Savransky
Sibley School of Mechanical and Aerospace Engineering, Cornell University, Ithaca, NY

L ABORATORY

EXOSIMS [1]

* Exoplanet Open-Source Imaging Mission Simulator
* End-to-end space-based direct imaging mission simulations
* Synthetic planet properties sampled from user-provided
distributions: ——
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Examples of results obtained from mission simulation
ensemble with EXOSIMS

SAG 13 [2]

* Study Analysis Group on planet occurrence rates
* Defined grid on R € [0.67,17]Rg and P € [10,640]days
* Preliminary parametric fit for G-dwarfs:
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* Divide by total occurrence rate for joint probability density function
Parametric Fit Integrated Across Bins
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* How is this parametric fit extrapolated and sampled in EXOSIMS?
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SAG 13 Joint PDF for EXOSIMS
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* Period to semi-major axis on linear scale (stellar mass M, u = GM,):
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* Planets less frequent at larger separations = include decay term:
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* Joint probability density function:
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e Total planet occurrence rate: Ntot = f J IRIa da dR
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Sampling Option 1

* Use marginalized pdfs
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Sampling Option 2
e Use marginalized and
conditional pdfs
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Joint PDF Sampling Comparison

* For Option 1 and Option 2:
* Generate 100 million samples
* Form 2-D histogram
e Compare to derived joint pdf

. a € [0.1,100]AU

* R € [0.67,17]Rg

» a;, = 30AU, My = 1M
e Nor = 10.7

Sampling Option 1 — Bad
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Sampling Optlon 1 Comparison to Joint PDF
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e Sampling from marginalized pdfs
ignores dependence of semi-major
axis and planetary radius

* Median percent difference: 29%

SAG 13 Extrapolated Joint PDF
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Samplmg Optlon 2 Comparison to Joint PDF
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* Sampling first from marginalized pdf, fz(R), then conditional pdf,

fair=r (a|R), recreates derived joint pdf

* Median percent difference: 4.4%

Future Work

* Planet occurrence rates dependent on stellar properties
4]
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Effect of stellar type (T fs) on planet occurrence rates. Far left from [3] rest from [4]. Far right shows possibility of a single occurrence rate model when accounting for stellar properties.

* Use occurrence rate data from literature to generate occurrence rate model including stellar properties and accommodate large separations



